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Very high frequencies of heavy metal resistances have been found in a wide range of gramnegative and gram-positive bacteria (13-16, 18, 21, 22) . These frequencies ranged from 25 to >90%o of fresh clinical isolates. Often, the resistances could be transferred by bacterial conjugation (14, 21, 22) and therefore were probably governed by genes on plasmids. Approximately 25% of plasmids that had already been transferred by conjugation into Escherichia coli K-12 from a wide ra:nge of gram-negative organisms and chosen as having transmissible antibiotic resistances also conferred resistances to Hg2+ and to a range of organomercurials (18) . Mercury resistance is due to an enzymatic detoxification process resulting in the reduction of Hg2e to volatile Hgo (6, 17, 23, 24) .
The classes of plasmids conferring resistances to Hg2' and to organomercurials including phenylmercury, methylmercury, merbromin (Mercurochrome), and thimerosal (Merthiolate) (which are of clinical and industrial interest; structures given in reference 28) have been summarized (1, 28, 29) . Quite separate systems for cadmium resistance in Staphylococcus aureus (16, 27, 30) and arsenic resistance in S. aureus and in E. coli (16, 20) have also been studied, and we have a reasonable understanding of the mechanisms of resistance to Cd2+ (27, 30) and As043-as well (19, 20) .
The nature of the agents selecting for highfrequency occurrence of heavy metal resistance plasmids in hospitals is not clear. Several alternatives have been suggested, including (i) selection by mercurial use in hospitals (8) ; (ii) selection outside of the hospital by industrial or urban pollution or both (9, 22) ; (iii) heavy metal resistance genes going for a "free ride" on antibiotic resistance plasmids associated with specific types of S. aureus involved in human infections (26, 31) ; and (iv) selection from "natural sources" such as the known high mercury level in fish (3), high cadmium in cigarettes and oysters (5), and high arsenic in shrimp (2). Witte et al. (31) reported that high frequencies of Hg2+ resistance in S. aureus were specific for S. aureus from human hospital collections and that S. aureus from human outpatients, from healthy humans, or from a variety of animal sources in the German Democratic Republic did not have significant frequencies of Hg2' resistance. The distinction between human S. aureus (high frequency of Hg2+ resistance) versus animal S. aureus (low frequency of Hg2' resistance) was also found in other countries (11) .
As we will show in this paper, the frequency were used as controls. These strains were described previously (16, 20, 28) . E. coli K-12 derivative J53 without a plasmid and with plasmids R222 and R828 (17, 18) and Pseudomonas aeruginosa strain PAO9501 without a plasmid and with plasmid pVS1 (1) were from our laboratory collection.
Radioactive volatilization experiments (4, 17, 28) and nonradioactive mercury volatilization measured by atomic absorption spectroscopy (1) were carried out as previously described.
RESULTS
Frequencies of heavy metal resistances. b Resistant to cadmium relative to the remaining 3 to 10o. The resistance levels of these strains (in parentheses) to Cd2' did not exceed that of the standard E. coli K-12 or P. aeruginosa PAO strains. The decrease in frequency of Hg2' resistance found in E. coli and S. aureus was also found with Klebsiella pneumoniae (Table 2) , but not significantly with P. aeruginosa, which has consistently shown the highest frequency of mercury resistance. We do not know whether these frequency differences from species to species are a reflection of different environmental niches or of exposure to mercurials within hospitals.
Thimerosal-resistant S. aureus. When we previously (28) examined resistance to organomercurials with Hg2+-resistant S. aureus strains, all eight tested Hg2+-resistant strains were susceptible to thimerosal, methylmercury, and merbromin, but were resistant to phenylmercury, fluorescein mercuric acetate, and p-hydroxymercuribenzoate. This pattern distinguishes the Hg2+-resistant S. aureus from Hg2+-resistant E. coli and P. aeruginosa, which were invariably resistant to merbromin and showed coupled resistance to phenylmercury and thimerosal or to neither (29) . Of the new Hg2+-resistant S.
aureus isolates in St. Louis, three (strains 1123, 1255, and 3794) showed slightly more resistance to thimerosal, methylmercury, and merbromin ( Fig. 1 ; unpublished data) than the standard laboratory strain RN1 with plasmid p1524 (strain RN4) (Fig. 1) . With careful comparisons on petri dishes, a similar significant difference in resistance level to thimerosal and merbromin was found between the well-studied laboratory S. aureus strain U71 (see reference 28 for earlier references), which has a mercurial resistance plasmid, and the cured derivative U71-22, isolated in St. Louis. Although the plasmid-determined resistance to thimerosal in S. aureus seen in Fig. 1A was reproducible, it was less than that which we previously reported in gram-negative bacteria (1, 18, 29) . Figure 1A also contains results with a plasmidless E. coli strain J53 and the same strain with plasmids that do (R828) or do not (R222) confer thimerosal resistance. The difference between strains U71 and U71-22 was more apparent with merbromin (Fig. 1B) than with thimerosal (Fig. 1A) (28, 29) , although very few mercuric-resistant E. coli isolates are phenylmercuric resistant (18, 29) . Three of the four new S. aureus isolates showed a small resistance to methylmercury (Fig. 1C) . Table 3 (Fig. 2) , whereas with Hg2+ as the inducer, strain RN4 responded with higher activity levels than did the new isolates. The difference in effectiveness as inducer of the mercuric resistance operon seems sufficient to account for the added resistance to thimerosal shown by strains 1123 and 1255 (Fig. 1) . Attempts to determine differences between the new S. aureus isolates and strains RN4 and U71 with regard to merbromin as an inducer were unsuccessful. With all strains, subtoxic concentrations (10 ,uM or less) gave maximum induction of mercury volatilization activity (data not shown). Differences in volatilization activity toward both thimerosal and methylmercuric chloride were seen. Earlier studies showed that the laboratory S. aureus strains had no activity toward methylmercury (28) . In recent experiments, cells of strains RN4, RN23, and U71 showed no volatilizing activity when exposed to [14C]-methylmercury, but cells of strains 1123 and 1255 volatilized 14C (released as CH4 as shown earlier by gas chromatography; 24) from methylmercury (Fig. 3) . Strain 3794 also volatilized 14C from methylmercury (data not shown). Lysostaphin cell-free lysates showed activities similar to those of intact cells (Fig. 3B) . The loss of 14C from methylmercury by cell-free preparations from strain 1123 showed Michaelis-Menten kinetics, with a Km of 67 ,uM CH3HgCl (data not shown).
Volatilization of mercury from nonradioactive thimerosal was measured by flameless atomic absorption analysis of mercury left in media. Uninduced cells of the new isolate 1123 volatilized mercury from thimerosal after a delay of about 15 min (Fig. 4A) ; when previously induced with Hg2+, cells of strain 1123 volatilized mercury from thimerosal without any delay (Fig. 4B) . The thimerosal-susceptible strain RN4 detoxified thimerosal more slowly with induced cells (confirming results in reference 28) and essentially not at all with uninduced cells (Fig. 4) . The ability of induced cells of strains 1255 and 3794 to volatilize mercury from thimerosal was identical to that of strain 1123 (data not shown). Thus, the thimerosal resistance of these strains is associated with both a difference in thimerosal as an inducer of the mercurial detoxification system (Fig. 2) and a greater activity for thimerosal detoxification (Fig. 4) .
DISCUSSION
We attempted to determine sources of mercurials in hospitals that might select for mercurial resistance plasmids, but were informed that the U.S. Environmental Protection Agency had prohibited use of mercurials for most hospital purposes starting in 1971 to 1972 (D. L. Gravens, personal communication). We have not been able to obtain current figures on mercurial usage in Barnes Hospital, but are assured that mercurials are essentially no longer in use. Before 1971, phenylmercury, methylmercury, and thimerosal (all of which are detoxified by enzymes governed by mercurial resistance plasmids [6, 17, 25, 28] ) were used at levels of 10 to 30 mg/liter in hospital liquid detergents to inhibit the growth of bacteria (largely pseudomonads) in these products. Similar reduction or elimination of the usage of mercurials occurred in the United Kingdom (R. W. Lacey, personal communication), the German Democratic Republic thimerosal per year. After 1976 to 1 of mercurials was discontinued.
In the first report of mercurial aureus, Moore (12) (Tables 1 and 2 ). The new mercuric-resistant S. aureus isolates differ slightly from those previously reported (28) since they confer low-level resistances to merbromin, methylmercury, and thimerosal (Fig. 1) . These resistances were quantitatively less than the comparable resistances in E. coli ( Fig. 1; 18, 29) and P. aeruginosa (1 
